Light and nutrients are essential resources for phytoplankton growth and considered to shape the size structure and other morphometric traits (surface:volume ratio, deviation from spherical shape) of phytoplankton communities. If morphometric traits influence the growth and resource use, shifts by one of the two factors should influence the capability to utilize the other factor. We performed a two-step experiment, where a natural phytoplankton community was first exposed to three different light levels (supposed to be limiting, saturating and slightly inhibiting for the majority of species) and grown until stationary phase. Then, the pre-conditioned communities were split into two nutrient treatments (control and saturating nutrient pulse) and again grown until stationary phase under the medium light intensity. During the experimental light phase, community mean cell-size increased with light, but surface:volume ratio and deviation from spherical shape decreased. Moreover, in response to the following nutrient pulse, the low light pre-conditioned communities showed the highest initial growth rates in response to the nutrient pulse. The high light pre-conditioned communities showed the highest conversion of the nutrient pulse into biomass during the stationary phase. These results demonstrate how the imprint of one environmental factor on trait distribution influences the ability to cope with another.
where X is a three-dimensional metric of body size (volume or mass) and a is a constant. The exponent ("allometry coefficient") b is usually positive but <1 (often 0.75) for absolute physiological rates (rate per individual) and <0 (often −0.25) for specific rates (rate per unit mass) including growth rates (general: Peters, 1983; Brown et al., 2004 : phytoplankton: Tang, 1995 Edwards et al., 2012) . However, there is also some evidence, that phytoplankton maximal growth rates show a unimodal response to cell size with a peak at a cell volume of ca. 100 μm 3 (Marañón et al., 2013; Marañón, 2015) .
In terms of resource acquisition (nutrients, light), low availability usually favours smaller phytoplankton, which exhibit higher acquisition and growth rates at low resource availability ("affinity"). For recent examples regarding uptake at low nutrient concentrations, see Edwards et al. (2011) and Litchman et al. (2015) , and for light utilization at low intensities Edwards et al. (2015 Edwards et al. ( , 2016 and Schwaderer et al. (2011) . On the contrary, larger phytoplankton have better storage capacities, as indicated by higher ratios between the maximal and the minimal cell quota of limiting nutrients (Edwards et al., 2011; Marañón et al., 2013) . Based on data in Marañón et al. (2013) , Sommer et al. (2017a) calculated that a nitrogen replete mother cell of 10 μm 3 could support only one cell division without any new uptake of N, while cells >23 000 μm 3 could support two subsequent cell divisions. Since minimal cell quotas of N scale with the 0.88th power of cell volume (Edwards et al., 2012) , 1000 times bigger cells should be able to build the 2.3-fold biovolume, if phytoplankton are permitted to grow until complete exhaustion of the internal N pool. Thus, larger cells can build up a higher biomass from the same amount of the limiting nutrient because of lower biomass specific minimal cell quotas (Edwards et al., 2011; Marañón et al., 2013) .
In terms of resistance to loss factors, smaller cells are more sensitive to grazing, due to the dominance of small, protistan grazers while larger cells are more sensitive to sinking (Reynolds, 1984; Sommer, 1984) , except for giant diatoms with buoyancy regulation (Villareal, 1988; Villareal et al., 2014) . However, under predominance of coppepod grazing the medium size range, from 5 to 10 μm cell length to ca. 200 μm, will experience the strongest grazing pressure (Katechakis et al., 2004; Sommer et al., 2005; Sommer and Sommer, 2006) .
While the influence of size on resource competition and loss factors is well documented, the role of cell shape needs deeper consideration. On resource shortage conditions, the advantage of being small is usually seen in higher surface:volume (S:V ) ratios (Chisholm, 1992; Raven, 1998) , in the case of light limitation also in higher surface:cross-sectional area ratios and in a smaller package effect (Kirk, 2010) . While S:V is inversely proportional to linear dimensions for bodies of identical shape, there is a tendency towards increasingly nonspherical morphologies among larger phytoplankton, thus constrainig S:V in a narrower range of values than predicted from volumes alone (Lewis, 1976) . Reynolds (1997) suggested the dimensionless product of the longest linear axis (L) with S:V as shape index (SI) to characterize the deviation from sphericity. Reynolds (1988) postulated that strongly non-spherical shapes (needles or complex morphologies) are typical for the "ruderal" lifeform type thriving under deep mixing conditions, which combine low light with high nutrient availability.
If size or other morphometric traits determine the capability of phytoplankton to cope with various environmental pressures, it is no surprise that environmental pressures leave an imprint on morphometric properties of phytoplankton communities. Indeed, a number of repeatable patterns in the response of phytoplankton size to environmental pressures have been identified (for a review see: Sommer et al., 2017a) . Cell size tends to decrease with warming (Atkinson et al., 2003; Daufresne et al., 2009; Sommer and Lewandowska, 2011) , and nutrient limitation (field observations: Marañón, 2015; experiment: Peter and Sommer, 2013, 2015) . Grazing by mesozooplankton (i.e. copepods) tends to decrease cell size (Sommer et al., 2005) , and grazing by microzooplankton (and in lakes also by Daphnia) has the opposite effect (Sommer et al., 2005; Sommer and Sommer, 2006) . Zooplankton and nutrient effects on phytoplankton size structure were found to be stronger at higher temperatures (Sommer and Lewandowska, 2011; Peter and Sommer, 2012 , 2015 . Kruk et al. (2015) found S:V ratio to increase with the vertical attenuation coefficient and supposedly the extent of light limitation in a subtropical estuary.
While the vast majority of trait measurements in the ecophysiological literature and in trait-based ecological studies have assigned fixed traits to species, there is an increasing awareness to also consider intraspecific trait variation (Violle et al., 2012; Litchman et al., 2015) . Wherever trait shifts within species were compared to traits shifts at the phytoplankton community level, the sign of the change was the same while the magnitude of the intraspecific effect was smaller (Peter and Sommer, 2012 , 2015 .
If environmental stressors can change trait distributions in a community, it may be expected that a particular stressor can influence the community level ability to cope with another stressor. This means that the shift in trait distributions can either reduce the ability to cope with the second stressor (SICS = "stressor induced community sensitivity" sensu Vinebrooke et al., 2004) or can increase this ability (SICT = "stressor induced community tolerance"). Inspired by this concept, we performed a mesocosm experiment with marine phytoplankton, in which phytoplankton were exposed to pressure by two environmental factors, i.e. nutrients and light. Both of these factors are considered dominant limiting growth factors in situ and have been shown repeatedly to have selective impacts on morphometric traits, in particular size. In the experiment, we first exposed a natural phytoplankton community from the Western Baltic Sea to three different levels of irradiance, and in a second step exposed the resulting communities to sustained nutrient limitation or a growth saturating nutrient spike and compared their response in growth and resource use efficiency.
Our working hypotheses were:
• Low light will lead to a smaller community mean cell size, a higher mean S:V ratio and a higher SI.
• If detectable at all, intraspecific morphometric changes will have the same direction as communitylevel changes.
• Low-light pre-conditioned communities will show a higher initial growth rate after nutrient addition because of the shift towards lower cell sizes brought about by low light.
• When reaching stationary phase, high-light pre-conditioned communities will show a bigger conversion of nutrient spikes into biomass because of lower biomass specific minimal cell quotas of larger cells.
M A T E R I A L S A N D M E T H O D S Experimental design
Near-surface seawater containing the natural mix of phytoplankton, protozoa and bacteria was pumped from Kiel Fjord, Baltic Sea, on 31 October 2016 and distributed through a hose system into nine mesocosms (volume 1500 L, 1.5 m in diameter and 1 m high) which were evenly placed in three walk-in climate chambers. Thereafter, the mesocosms were exposed to three different constant irradiance levels at a 9:15 hours light:dark cycle, conforming to the seasonal day length calculated in the astronomic model of Brock (1981) . Light was supplied by computer controlled (GHL, Prometheus) LED light units, similar to the former BIOACID experiments Sommer et al., 2015 ), and saturating to slightly inhibiting conditions (HL: 139 μmol quanta m −2 s −1 ) for the majority of species (Reynolds, 1984; Kohl and Nicklisch, 1988) . The experimental temperature was 11°C, representing in situ conditions. Fluorescence measurements were done every day in the lab at the same time using a subsample from the mesocosms. These measurements were used as a proxy to monitor the biomass change through time (Supplementary Material 1). The different light treatments were applied until fluorescence measurements indicated the stationary phase of growth (day 7 for the ML and HL treatments, day 11 for the LL treatment), at which time cellular nutrient quotas are assumed to approach the structural minimum (Q 0 sensu Droop, 1973 Droop, , 1983 ). An automatic propeller was used to mix the mesocosms gently, representing natural water waving to avoid sedimentation and achieve homogeneity of the plankton community.
After reaching stationary phase, the light preconditioned communities were split into two nutrient treatments. One of them received a saturating nutrient pulse and the other was not modified as it served as control. For the new treatments, 120 L volume floating plastic bags were used (0.5 m in diameter and 0.6 m high), set in pairs (one nutrient and one control treatment) inside the bigger mesocosms and under each light unit (maximum distance from light: 1 m). The plastic bags containing the new treatments were filled gradually using a 10 L bucket to achieve the same initial plankton assemblage. The content of the bags was stirred manually twice per day. Light intensity for the second experimental phase was set at the moderately limiting to saturating conditions (ML: 72 μmol quanta m −2 s −1 ) for all treatments, to have minimal low or high light stress for the majority of species. The split into nutrient treatments and controls took place at day 11 for LL and at day 8 for ML and HL, respectively (see bifurcation of growth curves in Fig. 1 ). The nutrient pulse targeted final concentrations of 2 μmol
nitrate and 32 μmol L −1 silicate in each mesocosm. Growth was followed until the nutrient augmented treatments had reached the stationary phase.
Biological sampling
Phytoplankton samples were taken on days 1, 4, 7, 8, 9, 10, 11, 12, 14 and 17 of the experiment ( Fig. 1) and fixed by Lugol's iodine for microscopic analysis of nanoand microplankton. Picoplankton were measured directly using flow cytometry (FACScalibur, Becton Dickinson). The 1-day sampling intervals at the beginning of the second phase were chosen to get realistic estimates of nutrient saturated net growth rate (μ nsat ), which is often maintained only during 1 or 2 days while the approach towards the stationary phase is a slower process. Microscopic phytoplankton counts were performed according to Utermöhl's (1958) sedimentation method. For the dominant species, at least 400 cells were counted in each sample and for all other species that were sufficiently abundant, it was attempted to count at least 100 cells. However, species too rare to count 100 cells were also included in calculations of community properties. Linear dimensions for calculating cell morphometric properties were measured for 20 randomly selected cells of each species at the end of the light phase of the experiment. These measurements were taken separately for each mesocosm for 11 species which together contributed more than 94% to total phytoplankton biomass. For the remaining species, a pooled sample was taken. Geometric proxies according to Hillebrand et al. (1999) were used to calculate cell volumes (V; in μm 3 ) and surface areas (S; in μm 2 ). In addition, we calculated S:V ratios (μm
) and the dimensionless SI sensu Reynolds (1997) , which indicates the deviation from sphericity
where L is the longest linear axis (e.g. diameter of a sphere and a discoid cylinder, height of an elongate cylinder, longest axis of an ellipsoid, etc.). Based on the equations for volume and surface area, SI = 6 for spheres. Spines were only included into calculations if they contained protoplasm, such as the chloroplast containing spines of the diatom Chaetoceros danicus. Total phytoplankton biomass (B; mm 3 mL
) was calculated from cell numbers (N i ; cells mL
) and cell volumes (V i ) of the individual species.
Community means of morphometric properties (X c ) were calculated as biomass weighted means:
where X is the parameter of interest (V, S:V, SI) and p i the relative biomass of species i (p i = N i × V i × B −1 ). Short-term nutrient effects were measured as nutrient saturated net growth rates (μ nsat ) during the first day immediately following nutrient additions, because samples taken afterwards already showed some decline in growth rates (Fig. 1) . Growth rates were calculated for
) and for individual species. As a measure of resource use efficiency, the net effect of nutrient addition on B (NEB: nutrient effect on biomass) was calculated as phytoplankton biomass increment from the start of the nutrient addition (B N0 ) to biomass at stationary phase (B Nmax ) minus the biomass increment in the controls at the same time:
The correction by the increment in the control treatments was made, because residual internal and dissolved nutrient stores might have been different between different light pre-treatments.
Chemical sampling
Samples for dissolved inorganic nutrients were taken together with the phytoplankton samples. The samples were filtered through pre-washed (10% HCl) cellulose  acetate filters and frozen immediately until analysis (Supplementary Material 2). As an additional measure of nutrient utilization in the nutrient addition treatments, we also analysed particulate matter stoichiometry at the end of the experiment. Samples for POC, PON and POP measurements were filtered onto prewashed (in 5-10% HCl) and precombusted (6 h, 550°C) Whatman GF/F filters. POC and PON were determined by gas chromatography (Sharp, 1974) in an elemental analyser (Thermo Flash 2001, Thermo Fisher Scientific Inc., Schwerte, Germany). POP was converted to orthophosphate and determined colorimetrically (Hansen and Koroleff, 2007) .
Statistics
Prior to analysis, B and morphometric parameters were log-transformed and p i was logit-transformed. A Pearson correlation was used to test whether the three morphometric traits (V to S:V; V to S:I; S:V to SI) at community and individual species level are strongly connected. The effect of the light treatments on community morphometric traits, species morphometric traits and species relative biomass at the end of the light treatment phase were analysed by analysis of variance (ANOVA). For the second experimental phase, when nutrients were added, an ANOVA was also used to test the effect of light pre-treatment on the communities' apparent shortterm response to nutrients (μ nsat ) and the final conversion of the nutrient into biomass (NEB, C:N, C:P ratios). The relationships between community morphometric traits and nutrient responses (μ nsat , NEB, C:N and C:P ratios) and between species-specific maximal growth rates and morphometric variables were analysed by linear regressions of using V, S:V and SI as predictor variables. To test if the μ nsat response is affected only by V or also by species type (diatom or flagellate) an analysis of covariance (ANCOVA) was calculated using V as continuous and species type as categorical factor on μ nsat . A two-way ANOVA with the factors light pretreatment, nutrients and their interaction were calculated at the end of the experiment to understand the effects on the morphometric traits (V, SI, S:V ).
R E S U L T S Time course of growth
Phytoplankton already started to grow during the first sampling interval, which was reflected in an immediate increase of B with obvious differences between the light treatments. Immediately after nutrient addition, nutrient and control treatments diverged from each other, with conspicuous growth in the nutrient treatments and only little growth in the controls (Fig. 1) . However, growth rates of nutrient treatments also began to decline after 1 day already, thus validating to choose the first day after nutrient addition as time interval for μ nsat calculations.
Response to light
The experimental communities were dominated by diatoms which made up >99% of B in the final samples of all light treatments. Mixotrophic dinoflagellates followed with <0.6%, cryptophytes with <0.3% and picoplankton with 0.1%. Microzooplankton (ciliates and heterotrophic dinoflagellates) formed always <0.4% of autotroph (incl. mixotroph) biomass. B increased with light and community mean cell size increased with light (Table I ; Fig. 2A and B, respectively), whereas mean surface to volume ratio and the mean SI decreased with light (Table I ; Fig. 2C and D, respectively) . At the community level (i.e. among species), the three morphometric traits were strongly correlated: V to S:V: r = −0.97 (n = 9; P < 0.0001), V to SI: r = −0.95 (n = 9; P < 0.0001), S:V to SI: r = 0.99 (n = 9; P < 0.0001). Morphometric traits of the individual species (means across all treatments) were less strongly correlated among each other than at the community level, V to S:V: r = −0.44 (n = 20; P < 0.05), V to SI: r = 0.313 (n = 20; ns), S:V to SI: r = 0.44 (n = 20; P < 0.05).
The changes of community mean morphometry resulted both from species shifts and from shifts within species. Eleven species (all diatoms; Table I ) were abundant enough to be sized separately for each mesocosm. Together they made up >94% of B. Species showing the highest relative biomass at low light were thin needle-or spindle-shaped (Pseudo-nitzschia pungens, Pseudo-nitzschia delicatissima, Rhizosolenia pungens, Rhizosolenia setigera, Thalassionema nitzschioides) or morphologically complex (C. danicus, see also below). The small, stout cylindrical Skeletonema marinoi was the only species achieving its maximal pi at medium light. Species with a high light optimum were discoid cylinders (both Thalassiosira-types) and the very large, elongated cylindrical Ditylum brightwellii. The majority of species showed a significant response in morphometric traits to increasing light and most of the significant cases followed the general pattern of increasing V, and decreasing S:V and SI with light intensity (Table I ). The exception was the SI of S. marinoi and T. "small" (unidentified species, called T. "small"), for which SI increased with light. However, these two species never exceed 3% of B, thus having only a negligible impact on community mean traits.
Five species achieved individually a relative biomass of 10% in at least one treatment (Fig. 3) . Among them C. danicus and R. setigera were dominant in the low-light treatments ( Fig. 3A and E) . Chaetoceros danicus is a medium sized (5000-15 000 μm ) and SI (140-300) to its long spines which contain chloroplasts. Its morphometric traits responded similarly to light as the community mean traits ( Fig. 3B-D ) and (D) SI (dimensionless).
 cylindrical, almost needle-like shape (SI = 100-150) and a moderate S:V ratio (0.25-0.35 μm −1 ). While its relative biomass declined with light ( Fig. 3E ; Table I ), its morphometric traits showed no response to light ( Fig. 3F-H ; Table I ).
Cerataulina pelagica was the only major species showing no significant relationship between relative biomass and light, but intraspecific trait changes followed the same pattern as community means ( Fig. 3I-L ; Table I ). It is a cylinder-shaped, medium sized (2500-7700 μm ) and SI (14-26). Two of the major species were dominant at high light, the diatoms D. brightwellii and the big type of Thalassiosira (unidentified species, called T. "big" henceforth) (Fig. 3M and Q) . Ditylum brightwellii is very large (40 000-150 000 μm ) and a moderate SI (12-23). Its morphometric traits showed the same response to light as the average community traits ( Fig. 3N-P ; Table I ). The cells of T. "big" are flat, disc-shaped cylinders of moderately large size (15 000-55 000 μm 3 ), a low S:V ratio (0.15-0.25 μm −1 ) and a low SI (8-10). Its cell volume and S:V ratio followed the general community trend in response to light (Fig. 3R and S) , while there was no significant response of SI ( Fig. 3T ; Table I ).
Response to nutrients
Biomass in the nutrient treatments reached a plateau after 4 days, which was 2.4-4 times (mean: 2.84) higher than the biomass before nutrient addition (Fig. 1) . In the control treatments, biomass increased slowly and only reached the 1.1-1.5 (mean 1.3) fold of the initial value. The estimate of community μ nsat (nutrient saturated net growth rate during first day after nutrient addition) depended on the light pre-treatment (ANOVA: F 2,6 = 12.2; P < 0.01), with the communities originating from the low-light pre-treatments having the highest and communities originating from the high-light treatments the lowest μ nsat (Fig. 4A) . For the NEB built-up, the pattern was vice-versa, with the highest values obtained for the high-light pre-treated communities and the lowest values for the low-light pre-treated communities (ANOVA: F 2,6 = 24.5; P < 0.001) (Fig. 4B) . Since phytoplankton growth in the control treatments was much smaller than in the nutrient treatments, omission of the correction term (B Cmax − B C0 ) would have had almost no influence on the calculated NEB. The regression analyses of μ nsat and NEB on morphological traits showed a negative effect of cell volume on μ nsat and a positive one of S:V and SI, while the reverse was found for NEB (Table II) . The highest r 2 values were found for the μ nsat − V and for the NEB-SI relationships (Fig. 4) . The chemical analyses supported the increased nutrient conversion into biomass after high light pretreatment. Particulate matter N:P ratios in the nutrient addition treatments were around the Redfield-ratio of 16:1 (14.9 + 2.9 SD), indicating that the phytoplankton community was in the transition zone between N-and P-limitation. C:N ratios increased from the LL to the HL pre-treated communities (ANOVA: F 2,6 = 12.59, P < 0.01). The same trend was found for C:P ratios (ANOVA: F 2,6 = 17.83, P < 0.005). Regressions on C:N and C:P ratios with morphometric traits showed the significant positive relationships with community V and negative ones with community S:V and SI (Table III) .
Individual species μ nsat (means across all nutrient treatments) were related to V (Fig. 4C) , S:V and SI (Table IV) , but picoplankton had to be removed from the analysis because of negative μ nsat -values, possibly caused by nanoflagellate grazing. V was clearly the strongest predictor of μ nsat while the relationship between SI and μ nsat was nonsignificant. Nutrient saturated growth rates of flagellates (the cryptophyte Teleaulax and four mixotrophic dinoflagellates) were lower than the growth rates of similar sized diatoms (Fig. 4C ). An ANCOVA showed a significant effect of V (F 1,1,17 = 97.5; P < 0.00001) and of type (diatom vs. flagellate, F 1,1,17 = 28.47; P < 0.0001) on μ nsat while no significant interaction effect was found. Separate ln μ nsatln V regressions for diatoms are also shown in Table IV .
At the end of the experiment (mean of last two samples), the nutrient treatments had no significant effect on the community means of morphological traits while light pre-history still had significant effects: ln V: F 2,12 = 46.4; P < 0.0001, ln SI: F 2,12 = 122; P < 0.0001; ln (S:V ): F 2,12 = 5.23; P < 0.05. The nutrient-light interactions were non-significant. 


D I S C U S S I O N
Our results confirm that hypothesis 1 (community mean cell size increased, but S:V ratios and SI decreased with increasing light). For the majority of species, hypothesis 2 (the morphometric effects of light supply on phytoplankton had largely the same direction on the intraspecific and on the interspecific level) was also supported. Our experimental design does not directly distinguish between phenotypic response and clonal selection. However, the specific mechanism of diatom cell growth and division imposes restrictions on phenotypic responses. During the growth of individual cells, only the length of the axis perpendicular to the division plane (pervalvar axis) can increase. Thus, the only mechanism to obtain larger cells would be cell division at bigger length of the pervalvar axis. This means, if elongate cylinders (e.g. Ditylum, Cerataulina) become bigger, V and SI should change in the same direction, i.e. they should become even more elongate in proportions. Conversely, for discoid cylinders V and SI should change in opposite directions, i.e. they should become thicker. Our results, however, were just the opposite. Ditylum and Cerataulina became stouter under high light, while Thalassiosira became proportionately flatter, i.e. the diameter grew stronger than the height. There is one additional, though very weak, mechanism of size change related to cell divisions. The cross-sectional area perpendicular to the pervalvar axis of one of the daughter cells decreases, though only slightly, with each cell division. Thus, the size of the cross-sectional area should decrease faster at higher growth rates, in our case at higher irradiance. Again, the opposite was observed in our experiment. Therefore, we conclude that intraspecific morphometric changes, more likely, resulted from clonal selection than from phenotypic responses. Hypothesis 3 (higher community level μ nsat after lowlight pre-treatment) was also supported by our results. However, the tight correlation between V, S:V and SI makes it impossible to discern which of the morphological traits was responsible of transmitting the effects from the light phase of the experiment to the nutrient phase. The slope of the ln μ nsat -ln V-regression is within the usual range from −0.06 to −0.28 (Tang, 1995; Finkel et al., 2010) . Comparing our result with literature results, however, needs a correction for temperature, because most of the reported regressions are based on data measured at or near 20°C while our experiments were conducted at 11°C. Using Eppley's (1972) Q 10 -value of 1.88 for correction would lead to the equation
nsat which is remarkably close to the relationship by Edwards et al. (2012) with an intercept of 1.61 and a slope of −0.24. The vertical offset between the V -μ nsat relationships of diatoms and flagellates is a known phenomenon for dinoflagellates (Tang, 1996) and can be explained by a lower chlorophyll to carbon ratio and additional investments into the cellular machinery needed for the ability to feed both autotrophically and heterotrophically. ; SI: shape index, dimensionless; F df stands for ANOVA F-statistic; significant results (P < 0.05) are in bold. *P < 0.05; **P < 0.01. Table III : Regression of C:N and C:P ratios on community means of morphological traits ; SI: shape index, dimensionless; F df stands for ANOVA F-statistic; significant results (P < 0.05) are in bold. *P < 0.05, **P < 0.01. ; SI: shape index, dimensionless; means across all mesocosms); F df stands for ANOVA F-statistic; significant results (P < 0.05) are in bold. *P < 0.05, **P < 0.01.
Hypothesis 4 (higher biomass yield of high light pretreated communities following the nutrient spike) was also supported by our experiment and exceeded the expectation based on a 0.88-power scaling of minimal N-quotas (QN 0 ) with cell volume (Edwards et al., 2012) . Ratios of the mean individual cell volumes between the HL and the LL pre-treated communities were 3.58, which would lead to a QN 0 -ratio of 3.07, and thus to 1.17 times higher NEB for the HL pre-treated communities. However, for unknown reasons, the NEB was actually 3.82 times higher.
In community level experiments focusing on resource effects (light and nutrients), there is always the question, how much the outcome might have been influenced by top-down factors. We can exclude mesozooplankton (mainly copepods) grazing, because mesozooplankton cannot survive the filling procedure or they escape from the inlet of the pumping system. In numerous previous experiments using the same system (e.g. Sommer et al., 2012) , mesozooplankton had to be added from net catches if the experimental design required these organisms to be present. We cannot entirely exclude the possibility of microzooplankton grazing (ciliates, heterotrophic dinoflagellates), because they are transported into the mesocosms together with the phytoplankton. However, throughout the experiment they never comprised more than 0.4% of biomass, thus making grazing impacts on nano-and microphytoplankton negligible. Moreover, we cannot exclude grazing impacts of heterotrophic nanoflagellates on picophytoplankton, which might have been the cause for the negative growth rates of picoplankton at the start of the nutrient phase of the experiment. Our calculation of the NEB rests on the assumption that phytoplankton growth at the end of phase 1 stopped because of nutrient limitation, i.e. because cell quotas of the limiting were approaching Q 0 . This assumption is supported by the immediate start of phytoplankton growth after nutrient addition in comparison to the almost absence of growth in the controls. The possibility of cell quotas slightly above Q 0 at the end of the light phase is accounted for by correcting the biomass increment in the nutrient treatments by the biomass increment in the controls when calculating NEB.
The extremely tight correlations between the community level morphometric traits V, S:V and SI make it impossible to decide which one would be most influential. While the tight correlation between V and S:V is almost a geometric necessity, the size effect being much bigger than the shape effect, no such necessity exists for SI. There is a general tendency, that shapes deviating strongly from linearity are more common among larger phytoplankton, as demonstrated already for in situ-lake plankton by Lewis (1976) . However, large phytoplankton also contains stout cylindrical shapes, i.e. short elongate or thick discoid cylinders, such as the larger Thalassiosira sp. in our study (SI: 8.0-10.1). In fact, the tight correlations between the different morphometric traits became much weaker when extending the analysis from community means to species traits. Therefore, concentrating on cell volume alone might simplify future trait-based analysis, but might nevertheless be premature. Moreover, there is field evidence that mediumsized phytoplankton retaining a relatively high S:V ratio because of a needle-shaped morphology (high S ) occupy a distinct niche characterized by deep mixing, low light and high nutrients (Reynolds, 1988 (Reynolds, , 1997 Kruk et al., 2002 Kruk et al., , 2010 Reynolds et al., 2014) as opposed to the widely known dominance of picoplankton in chronically nutrient deficient waters. While these are all freshwater examples, a recent estuarine study by Kruk et al. (2015) showed that S:V ratios were more strongly correlated to the vertical attenuation coefficient (an indicator of light limitation) than cell volumes. Oceanic studies relating other morphometric properties than cell volume to environmental pressures are lacking so far. A further adaptive function of deviating from sphericity might be seen in reducing handling success by grazers in enlarging one or two linear axes (Katechakis et al., 2004; Sommer and Sommer, 2006) without sacrificing to much of the metabolic advantage brought about by high S:V ratios.
C O N C L U S I O N S
Our experiment supports the hypothesis, that low light favours smaller phytoplankton cells, higher surface to volume ratios and stronger deviations from a spherical cell shape. High-light favours larger cell size, lower surface to volume ratios and more spherical cells. These trait shifts were seen both at the community level and within species. The trait shifts induced by different light levels had strong influence on the ability of the resultant communities to utilize nutrients. More precisely, the communities resulting from the low-light pre-treatment responded to a saturating nutrient pulse with faster growth, but less resource use efficiency. The opposite was the case with the communities pre-treated by higher light. More generally speaking, our results indicate that changes in trait distributions induced by one environmental factor can influence the ability to cope with other environmental factors. Finally, our results accentuate the usefulness of morphometric traits in predicting environmental abilities and requirements of phytoplankton communities.
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